Hypercalcaemia (increased plasma total calcium concentration, [Ca]) has been associated with serious ventricular arrhythmia and sudden cardiac arrest in patients with hyperparathyroidism. To support our impression that the occurrence of such complications during surgery is rare, we examined the records and e.c.g. of 193 patients with moderate hypercalcaemia ([Ca] = 2.89 ± 0.02 mmol litre-1 , mean±SEM) secondary to histologically demonstrable parathyroid hyperfunction, who were admitted to hospital between 1974 and 1978. We found that ventricular arrhythmia was not recorded for any patient, and A-V junctional rhythm was present at the beginning of operation in two. Before operation a statistically significant although minimal shortening of corrected values of Q-T interval occurred compared with a control group (n = 60). However, duration of the corrected Q-T interval was not diagnostic of increased [Ca] in a given patient with hyperparathyroidism.
Group \a (n = 193) Records were reviewed of patients admitted to the Massachusetts General Hospital between 1974 and 1978 with the diagnosis of primary hyperparathyroidism, in whom nistological examination of operative specimens revealed the presence of either parathyroid adenoma or hyperplasia. There were 66 male and 127 female patients aged 17-82 yr. Upon admission of each patient, a 12-lead e.c.g. was obtained and venous blood sampled for determination of biochemical variables as part of routine laboratory screening, including plasma total calcium concentration ([Ca] ), inorganic phosphorus (Pj), serum potassium and sodium concentrations (K + and Na + , respectively).
Cervical exploration was performed under general anaesthesia. Lead II e.c.g. was displayed on an oscilloscope. Anaesthesia was induced by i.v. infusion of thiopentone (approximately 5 mg kg" 1 ) and the trachea intubated following administration of suxamethonium 1.5 mg kg"
1 . Anaesthesia was maintained with appropriate concentrations of inhalation anaesthetics (halothane or enflurane) or a combination of morphine or pethidine, droperidol or diazepam, and a nondepolarizing muscle relaxant (pancuronium, nibocurarine or dimethylcurare) and 60% nitrous oxide in oxygen.
Group \b (n = 100)
Records were reviewed of patients admitted to the hospital in the same time period with the diagnosis of hypercalcaemia unrelated to parathyroid disease. Electrocardiographic and biochemical data were obtained as in group la. There were 46 males and 54 females ranging in age between 22 and 86 yr. Conditions associated with hypercalcaemia in these patients are listed in table I. Group 2 (n = 60) To obtain normal values of QTI and some biochemical variables in a patient population similar to that of group 1 a, the records were re viewed of a control group of patients (ASA class I) who underwent operation during 1977 for a variety of surgical procedures. The age range was 28-69 yr and there were no known abnormalities of calcium metabolism. Patients were identified by hospital identification number according to a random number generator.
Patients receiving digitalis preparations or quinidine and those with K + or Na + values outside the normal range (3.5-5.0 and 135-145 mmol litre-1 , respectively) were excluded.
METHODS
The 12-lead e.c.g. was recorded at a standard paper speed of 25 mm s"
1 . The duration of the QTI, determined by averaging three complexes in lead II, was identified and measured according to the method of Lepeschkin and Surawicz (1953) . The symbols Q-oT c and Q-T c refer respectively to the origin and end of T-wave deflection, measured from the time of the beginning of the Q-wave deflection. Correction for heart rate was made by dividing the duration of the QTI by the square root of the duration of the R-R interval (Bazzett, 1920) . Cardiac arrhythmias were identified.
Plasma total calcium concentration ([Ca]) was determined by atomic absorption spectrometry, inorganic phosphorus (P,) by spectrophotometry, and sodium and potassium concentration by flame photometry. In a few patients plasma ionized calcium concentration ([Ca 2+ ]) was measured by a calciumselective electrode system (Orion SS 20) at 37 °C as described previously (Drop, Fuchs and Stulz, 1978) .
To examine the relationship between QTI and [Ca 2+ ], we determined corrected values of QTI and plasma ionized calcium concentration prospectively in three patients with histologically confirmed primary hyperparathyroidism. In each patient, a 12-lead e.c.g. and a venous blood specimen were obtained upon hospital admission, approximately 30 min before the induction of anaesthesia, immediately following completion of surgery, and daily thereafter up to the second day after operation.
The statistical calculations were performed by use of a programmable calculator (Hewlett-Packard HP 67). Group means were compared by use of Student's t test for unpaired data. Values are presented as mean ± SEM.
RESULTS

Group la.
Atrial fibrillation was present on the e.c.g. tracing of one patient before operation (ventricular rate: 60 beat min -1 ), atrial flutter in one (ventricular rate: 95 min-1 ). Disturbances in conduction were present before operation on the e.c.g. tracings of 12 patients, including A-V block (first degree) in four patients, and bundle branch block in eight. During operation, the anaesthetist diagnosed A-V junctional rhythm in two patients; and in one of these, lignocaine 1.5 mg kg-1 was administered i.v. Ventricular arrhythmias were not identified on any anaesthetic record.
The difference between values of Q-oT,, and Q-T o in the hyperparathyroid group and those in the control group was minimal (table II) , although statistically significant. In three patients, [Ca] and [Ca 2+ ] values were increased before parathyroid exploration, and both values decreased below normal after . Group \b. Abnormalities in cardiac rhythm were identified in two patients (atrial fibrillation with a ventricular rate of 60 and 80 beat rnin" 1 ); first degree A-V block in one patient, and bundle branch block in seven. [Ca] was greater than in the control group (P< 0.001) and than in group la (P< 0.001) (table  II) . However, Q-oT o and Q-T c values were not different from the mean values obtained in the control group.
DISCUSSION
In patients with moderate hypercalcaemia secondary to hyperparathyroidism, who underwent surgical exploration of the neck under general anaesthesia, arrhythmia of potential concern occurred in two patients, but ventricular arrhythmia was not recorded. Payne and Fitchett (1965) have suggested that chronic hypercalcaemia is among factors that may be responsible for serious cardiac complications during anaesthesia for surgery in patients with hyperparathyroidism. Sudden death has been reported in patients with hypercalcaemia secondary to parathyroid hyperfunction (Young and Emerson, 1949; Rapoport, Sepp and Brown, 1960) . It has been postulated that such fatal events occur secondary to ventricular fibrillation (Surawicz, 1966) . Hypercalcaemia in the experimental animal has also been associated with ventricular premature beats and ventricular fibrillation (Surawicz, 1966) . It is known that the duration of the plateau phase (phase 2) of the cardiac action potential is shortened with hypercalcaemia (Surawicz, 1967b) . A manifestation of this change in duration of cardiac action potential on e.c.g. is a shortening of QTI (Yu, 1952; Bellet, 1955; Surawicz, 1967a, b) . Furthermore, the effective refractory period is shortened and the excitability threshold of the ventricle is increased with hypercalcaemia (Surawicz, 1967a) . The combination of decreased conduction velocity (Goodman and Gilman, 1970) , increased ventricular excitability and shortening of the ventricular refractory period (Surawicz, 1967a) could facilitate re-entry and the occurrence of ventricular rhythms. If such changes in excitability and conduction occurred, one might expect QTI shortening and potentially serious disturbances in ventricular rhythm in patients with hypercalcaemia. Yet, QTI values in the hyperparathyroid group were shortened only minimally in our study, despite a moderate increase of [Ca] , and ventricular arrhythmia was not encountered. It is unlikely that serious disturbances in cardiac rhythm were present but not detected. E.c.g. tracings before operation were interpreted by staff cardiologists from the Cardiac Unit, who always report the presence of ventricular arrhythmias and abnormalities in the duration of the QTI, and by the authors, who were specifically looking for changes in rhythm and time intervals. Even if ventricular arrhythmias were missed on admission to hospital they would be most unlikely to disappear before continuous e.c.g. display during operation. Although it is acknowledged that the anaesthetist may have difficulties in the identification of each occurrence of A-V junctional rhythm from a continuous oscilloscope display of the e.c.g., in this analysis we were interested in the occurrence of any serious cardiac arrhythmias during cervical exploration. If such rhythm disturbances did occur, their appearance and treatment would have been identified on the anaesthetic record. The increase of [Ca] in the hyperparathyroid group was moderate ([Ca] = 2.89 ± 0.02 mmol litre" 1 ). However, mean [Ca] in the patients of group lb was greater and mean values of QTI in this group were not different from those recorded in the control group. No ventricular arrhythmias were detected on e.c.g. recordings made on admission of these patients. It is possible that more conspicuous changes in QTI and ventricular arrhythmias may occur at [Ca] concentrations substantially greater than those encountered in the present study. Such a possibility would be consistent with previous reports; Yu (1952) reported that QTI shortening was most consistent at [Ca] values that exceeded 3.75 mmol litre" 1 , while Bronsky and others (1961b) found a consistent QTI shortening in patients with [Ca] values ranging from 3.8 to 6 mmol litre"
1 . Although the evaluation of the effect of hypercalcaemia on the e.c.g. pattern and the development of cardiac arrhythmias has been difficult in certain circumstances, complete heart block with ventricular escape rhythm at a rate of 40 beat min" 1 has been described in a patient with [Ca] of 3.87 mmol litre" 1 (Ginsberg and Schwartz, 1973) , and sudden death has been reported in patients with [Ca] values of 4.5 (Jennings et al., 1965) and 5.5 mmol litre" 1 (Rapoport, Sepp and Brown, 1960) .
The serum potassium concentration is known to be a determinant of calcium-induced changes on the duration of Q-T intervals (Surawicz, 1967a) . Therefore, in our assessment of e.c.g. manifestations of hypercalcaemia, patients with abnormalities in K+ concentration were excluded, as were those receiving digitalis (Eliot and Blount, 1961) or quinidine.
In view of the range of corrected QTI values recorded in both control and hyperparathyroid groups (table II) , corrected QTI values are not diagnostic of the occurrence of a chronic, moderately increased [Ca] . Similar limitations seem to apply to the reliability of QTI as an index of plasma total calcium during acute changes. Bronsky and others (1961a) found that corrected values of QTI were altered minimally in two patients following calcium loading, increasing [Ca] from 2.8 to 3.5 mmol litre" 1 . Conversely, Bradlow and Segel (1956) found that Q-T c remained unchanged in a patient in whom [Ca] decreased from 5.2 to 3.45 mmol litre" 1 following parathyroid surgery.
Plasma total calcium concentration includes the physiologically active (ionized calcium) and inactive components (complexed and protein-bound calcium) (McLean and Hastings, 1934) . Since phase 2 of the cardiac action potential is mainly determined by calcium ion movements across the cardiac cell membrane, changes in the QTI might be expected to correlate with those in plasma ionized calcium ion concentration ([Ca 2+ ]). Results shown in figure 1 are compatible with data by Rumancik and others (1978) 
